Searching PAJ 



1/1 <<— V 



PATENT ABSTRACTS OF JAPAN 




(1 DPublication number : 01-181005 
(43)Date of publication of application : 19.07.1989 



(51)IntCI. 




F23C 11/02 




(21 Application number : 


63-003085 


(71)Applicant 


MITSUBISHI HEAVY IND LTD 


(22)Date of filing : 


12.01.1988 


(72)Inventor : 


YAMAUCHI YASUHIRO 






ARAKAWA YOSHIH1SA 








FU JIMA YUKIHISA 








TAKENAGA KIYOMASA 








HINO YUICHI 



(54) FLUID1ZED-BED COMBUSTION 

(57)Abstract: 

PURPOSE: To restrain the generation of NOx by providing a 
secondary air supply port, as well as a third air supply port in a free 
board of a fluidized combustion furnace so as to specify the air ratio 
of a primary air inside a fluidized bed relative to a theoretical air 
volume. 

CONSTITUTION: The input of primary air is adjusted by a control 
device such that the air ratio relative to a theoretical air volume in a 
fluidized bed 1 becomes about 0.6W0.8. Since the reduction 
atmosphere inside the fluidized bed 1 is in the range of about 
0.6W0.8, green gas is caused to generate, and a part of this green 
gas is caused to burn when secondary air is input through a 
secondary air supply port 7 made open near a lower free board 5a 
provided downstream of the fluidized bed 1. In addition, third air is 
input through a third air supply port 14 made open near an upper 
free board 5b provided downstream of the fluidized bed 1 so as to 
allow the remaining green gas to bum, thus accomplishing 
combustion of green gas at the upper free board 5b. The air ratio 
relative to a theoretical air volume after the input of third air is 
adjusted to become about 0.1 or more. The volume of NOx to be 
generated becomes minimum when the air ratio of primary air 
relative to a theoretical air volume is in the range of 0.6W0.8. 
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FLUIDIZED BED COMBUSTION METHOD 



Background of the Invention 
Field of the Invention 



The present invention relates to a 
fluidized bed combustion method in which a 
generation amount of NOx is low and a 
combustion efficiency is high. 
2. Description of the Related Art 

A conventional technique will be described 
below with reference to Fig. 6. In Fig. 6, first 
air is supplied from a first air supply port 
opened on a bottom of a fluidized bed 1 having 
fluid materials, such as sand, limestone and the 
like, and the fluid materials are fluidized. 
Then, they are combusted by supplying solid 
fuels, such as coal and the like, from a fuel 
supply port 3. A temperature of the fluidized 
bed 1 is controlled by sending water or vapor 
into a heat transfer pipe 4 placed inside the 
fluidized bed 1. Also, a convective heat 

transfer unit 6 is installed in a free board 5. 
Then, water or vapor is supplied to it so that 
the thermal energy of exhaust gas is 
re-collected. By the way, in order to suppress 
the NOx generation amount and the exhaust of 
CO, second air is supplied from a second air 
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supply port 7. Usually, in order to suppress 
the CO generation, the fluidized bed 1 is driven 
under a condition that an air ratio to a 
theoretical air amount through first air is about 
1.0. This reason is as follows. That is, since 
the fluidized bed combustion is carried out at a 
relatively low temperature of 800 to 900 °C. 
Thus, a temperature of the free board 5 is a low 
temperature between 500 and 700 °C. If the 
solid fuel is combusted in the fluidized bed 1 at 
a low air ratio of 1.0 or less, the generated CO 
is not perfectly combusted even by the second 
air. Thus, this brings about a trouble that CO 
is exhausted. For this reason, the actually 

driving condition has the limitation that the air 
ratio to the theoretical air amount through the 
first air is dropped to about 1.0 in the fluidized 
bed 1. Hence, the fluidized bed does not 

become at a state of reductive atmosphere. As 
a result, the NOx generation amount becomes 
vast (150 to 250 ppm (0.6 % conversion)). 

By the way, unburned ashes dispersed 
from the fluidized bed are collected by a cyclone. 
8 and the like, and stored in a hopper 9. A 
part of the unburned ashes collected in order to 
improve the combustion efficiency is circulated 
in the fluidized bed 1 by an unburned ash 
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supplier 10 and a circulation piping 11 at a 
recycle ratio of 0.1 to 0.5 kg/kg coal. However, ^ % 
the other ashes are exhausted from an ash 
exhaust port 12 to system exterior. 

Separation combustion exhau st_ g a s jo f___ 
unburned components in the cyclone 8 is 
exhausted from a cyclone outlet 13 to the system 
exterior. 

The combustion method in such a 

conventional fluidized bed typically has the 
properties as follows- 

(1) NOx Generation Amount : 150 to 250 ppm 

(0.6 % Conversion) 

(2) Combustion Efficiency : 90 to 95 % 

The above-mentioned convention fluidized 
bed combustion method has the following 
problems. 

(1) The NOx generation amount is high 
such as 150 to 250 ppm (0.6 % conversion). 

(2) The combustion efficiency is low 
such as 90 to 95 % . 

The present invention is accomplished in 
view of the above mentioned circumstances. 
Therefore, an object of the present invention is 
to provide a fluidized bed combustion method in 
which a generation amount of NOx is low and a 
combustion efficiency is high. 
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Summary of the Invention 
The present invention provides a fluidized 
bed combustion method characterized in that a 
method of combusting solid fuels, such as coal, 
oil coke, oil shale and the like, in a fluidized 
bed includes the steps of- 

(1) supplying a first air from a first air 
supply port opened on the fluidized bed so that 
an air ratio to a theoretical air amount in the 
fluidized bed becomes about 0.6 to 0.8; 

(2) supplying a second air from a second 
air supply port opened on a free board on a 
downstream side from the fluidized bed so that 
an air ratio to a theoretical air amount after 
the supply of the second air becomes about 0.8 
to 1 . 0 ; 

(3) supplying a third air from a third air 
supply port opened on the downstream side from 
the second air supply port of the free board so 
that an air ratio to a theoretical air amount 
after the supply of the third air becomes about 
1.0 or more; and 

(4) r e - c i r c u 1 a t i n g , inside the fluidized bed, 
unburned ash dispersed from the fluidized bed. 

The third air supply port is formed in the 
free board of the fluidized bed combustion 
method, in addition to the conventional second 
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air supply port, and the air ratio to the 
theoretical air amount through the first air in 
the fluidized bed is set to about 0.6 to 0.8. 
Consequently, the inside of the fluidized bed is 
set at the reductive combustion state in which 
the air is insufficient. Thus, the NOx 

generation is suppressed. The unburned gas 
generated in the fluidized bed is partially 
combusted by supplying the second air from the 
second air supply port opened in the free board 
on the downstream side from the fluidized bed, 
and it becomes at a temperature of 900 to 
1100 °C. Even after the supply of the second 
air, the air ratio to the theoretical air amount 
is about 0.80 to 1.0, which implies the reductive 
atmosphere. Moreover, the high temperature 
of 900 °C or more leads to the NOx reduction 
and the decomposition reaction of NH3, HC N j_ i n 
this region. After that, the third air is 

supplied from the third air supply port opened 
on the downstream side from the second air 
supply port of the free board. Thus, the 

unburned CO is combusted, and the combustion 
is completed. 

The r e - c i r c u 1 a t i o n of the unburned ash 
dispersed from the fluidized bed not only 
improves the combustion efficiency but also 
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enables the inside of the fluidized bed to be at 
the state of the stronger reductive atmosphere 
by supplying unburned carbon into the fluidized 
bed. Consequently, this provides the effect of 

the drop in the NOx 

As the temperature in the fluidized bed 
becomes lower, the NOx amount generated in the 
fluidized bed can be suppressed. Thus, the 
lower temperature is desired from the viewpoint 
of the suppression of the NOx generation 
amount. 

Brief Description of the Drawings 
Fig. 1 is a view explaining a fluidized bed 
combustion method of a first embodiment of the 
present invention; 

Fig. 2 is a graph illustrating a relation 
between an air ratio through first air and an 
NOx generation amount; 

Fig. 3 is a graph illustrating a relation 
between an NOx generation amount and an air 
ratio after a supply of second air, and a free 
board temperature. 

Fig. 4 is a graph illustrating a relation 
between a recycle ratio and an NOx generation 
amount and a combustion efficiency; 

Fig. 5 is a graph illustrating a relation 
between a temperature inside a fluidized bed 
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and an NOx generation amount; and 

Fig. 6 is a view explaining a conventional 
fluidized bed combustion method. 

Description of the Preferred Embodiments 

A fluidized bed combustion method of a 
first embodiment of the present invention will 
be described below with reference to Fig. 1. 

In Fig. 1, the portions having the same 
symbols as those of Fig. 6 indicate the portions^ 
having the same functions as those of Fig.'.J^ .! ^ 7 
In Fig. 1, first air is supplied from a first air 
supply port 2 in a bottom of a fluidized bed 1 
having fluid materials (sand, limestone and the 
like), and the fluid materials are fluidized. 
For them, solid fuels such as coal and the like 
are supplied from a fuel supply port 3. The 
supply amount of the first air is adjusted by a 
controller (not shown) so that an air ratio to a 
theoretical air amount in the fluidized bed 1 is 

about 0.6 to 0.8. 

A temperature in the fluidized bed 1 is 
kept at 800 to 1000 °C by adjusting a liquid 
supply amount to the heat transfer pipe 4 
installed within the fluidized bed 1. 

The fluidized bed 1 is the reductive 
atmosphere in which the air ratio to the 
theoretical air amount is about 0.6 to 0.8. 
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Thus, unburned gas is generated. However, a 
part of this unburned gas is combusted by the 
second air supplied from a second air supply 
port 7 opened in the vicinity of a lower free 
board 5a on a downstream side from the 
fluidized bed 1. Consequently, a temperature 
of the lower free board 5a becomes about 900 to 
100 °C. Incidentally, the air ratio to the 

theoretical air amount in this portion is 
adjusted to about 0.8 to 1.0 by the air amount 
supplied from the second air supply port 7. 

Moreover, in order to combust the 
remaining unburned gas (mainly, CO), third air 
is supplied from a third air supply port 14 
opened in the vicinity of an upper free board 5b 
on the downstream side from the fluidized bed 1. 
Then, the combustion is completed in the upper 

free board 5b. 

By the way, by adjusting the supply 
amount of the third air, the air ratio to the 
theoretical air amount after the supply of the 
third air is adjusted to about 1.0 or more. 

Combustion exhaust gas is cooled by a 
convective heat transfer unit 6, and separated 
from the unburned ash by the cyclone 8, and 
then discharged into atmosphere from a cyclone 
outlet 13. The unburned ash separated by the 
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cyclone 8 is stored in the hopper 9. After that, 
at a cycle ratio of 1 or more, it is returned 
through an unburned gas supplier 10 and a 
circulation path 11 to the fluidized bed 1. 
Also, the ash corresponding to the ash amount 
in the coal supplied into the system is 
exhausted from an ash exhaust port 12 of the 
hopper 9 to the system exterior. 

By the way, Fig. 2 shows a graph 
illustrating the relation between the air ratio to 
the theoretical air amount through the first air 
and the NOx generation amount. As evident 
from the graph shown in Fig. 2, as the air ratio 
to the theoretical air amount through the first 
air is made lower, the NOx generation amount is 
dropped. Then, it has the lowest value in the 
range of the air ratio between 0.6 and 0.8. If 
the air ratio through the first air is made much 
lower, the unburned gas is increased, and the 
combustion rate of the unburned gas in the free 
board is increased to thereby increase the NOx 
generation amount. For those reasons, the air 
ratio to the theoretical air amount through the 
first air in the fluidized bed 1 is adjusted to 
about 0.6 to 0.8. 

Fig. 3 shows a graph illustrating the 
relation between the NOx generation amount and 
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the air ratio to the t h e o r e t i c a 1 a i r amount after 
the supply of the second air when the first air 
ratio is set to 0.7, and the free board 
temperature. 

As evident from the graph shown in Fig. 3, 
since the air ratio after the supply of the second 
air is adjusted to 0.8 to 1.0, the temperature of 
the free board in the reductive atmosphere is 
increased, and the NOx generation amount is 
dropped. 

Also, Fig. 4 shows a graph illustrating the 
relation between the recycle ratio of the 
unburned ash and the NOx generation amount 
and the combustion efficiency. As evident from 
the graph of Fig. 4, the increase in the recycle 
ratio drops the NOx generation amount, and 
increases the combustion efficiency. By the 

way, when the recycle ratio is 1.0 or more, its 
effect is substantially saturated. Thus, the 
recycle ratio is desired to be 1 or more. 

Moreover, Fig. 5 shows a graph 
illustrating the relation between the 

temperature inside the fluidized bed and the 
NOx generation amount. As evident from the 
graph of Fig. 5, the drop in the temperature of 
the fluidized bed decreases the NOx generation 
amount. However, the excessive drop in the 



1 0 



temperature of the fluidized bed causes the 
combustion efficiency to be made lower. Thus, 
the temperature of the fluidized bed is desired 
to be 800 to 1000 °C. 

As mentioned above in detail, according to 
the method in this embodiment, the NOx 
generation amount is extremely dropped as 
compared with that of the conventional 
technique, and the combustion efficiency is 
improved. 

Advantageous Effects of the Invention 
According to the fluidized bed combustion 
method of the present invention, the following 
effects are provided. 

(1) The NOx generation amount is dropped. 
It is 100 ppm (0 2 6%) or less, 

in a case of usual coal. 

(2) The combustion efficiency is improved. 
It is about 95 to 99 % . 



1 1 



J 



What is claimed is- 

A fluidized bed combustion method 
characterized in that a method of combusting 
solid fuels, such as coal, oil coke, oil shale and 
the like, in a fluidized bed includes the steps 
of: 

(1) supplying a first air from a first air 
supply port opened on said fluidized bed so that 
an air ratio to a theoretical air amount in said 
fluidized bed becomes about 0.6 to 0.8; 

(2) supplying a second air from a second 
air supply port opened on a free board on a 
downstream side from said fluidized bed so that 
an air ratio to a theoretical air amount after 
the supply of the second air becomes about 0.8 
to 1 . 0 ; 

(3) supplying a third air from a third air 
supply port opened on the downstream side on 
said second air supply port of said free board so 
that an air ratio to a theoretical air amount 
after the supply of the third air becomes about 
1.0 or more; and 

(4) r e - c i r c u 1 a t i n g , inside said fluidized 
bed, unburned ash dispersed from said fluidized 
bed. 
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